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Abstract: This paper is a systematized literature review centered on the best practices
of usability testing with children, when they are the target end user in product development. The paper begins with a brief history of usability testing with children during
the prototyping stage of product development. Following, the methodology guiding
this literature review is described. Then, guidelines for usability testing with children
provided by past research are outlined in chronological order, documented to show
the evolution of changes or improvements in the practices over time. Additionally,
most of the approaches to usability (as part of evaluative research) have been identified and compared between one another with a variety of factors. In conclusion, directions for further research are suggested based on current unanswered questions in the
field of prototype usability testing with children, such as considerations for longitudinal vs. cross-sectional testing, physical vs. digital product testing, and age range of children.
Keywords: children; prototyping; usability testing; evaluative research

1. Introduction and background
1.1 User-centered design process
User-centered design focuses on creating ideal products and experiences for the anticipated
user. In this approach, oftentimes end users participate in aspects of the design process,
where they can express their opinions on the design (Sanders, 2002). There are multiple design process models; one model is the UK Design Council double diamond design process,
where there are four basic phases: discover, define, develop, and deliver (Ball, 2019). This
paper focuses on the develop and deliver, when prototypes are being built and tested (Gustafsson, 2019). Prototypes are “physical or digital embodiments of critical elements of the
intended design” (Lauff et al., 2018). It is important to test prototypes with the intended
user to make revisions in design and/or to solve usability problems.

1.2 The role of children in the design process
Allison Druin (2002) developed the categorization of roles children can hold in the design
process: user, tester, informant, and design partner. The design partner spends the most
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time in product development, whereas the user spends the least time. Children as users is
the first role that they had in design. Providing feedback on products as a user helps guide
future products, but not the current product in development. The tester role is to evaluate
prototypes to make further iterations of prototypes until the design goals are met. Children
as informants help provide information and feedback during various stages, including ideation. Design partners are treated as equals to designers and are available throughout the entire design process (Druin, 2002). This paper focuses on the role of children as the tester.
This decision was made based on practical concerns of industry: time allotted for research
and the necessity to get feedback from users before the product is manufactured.

1.3 Evaluative research and usability testing
Evaluative research is a type of human research that uses methods and techniques to measure and evaluate a product, service, offering, or intervention. Typically, this research is done
after prototypes are developed. Usability testing is a subset of evaluative research, in that
usability testing refers to evaluating a product or service by testing it with representative users. In the context of this work, those representative users are children. The intention of usability testing is to uncover both positive and negative aspects of the usability interactions
with the intended product (Dumas & Fox, 2007). Markopoulos et al. (2008) states that usability testing focuses on how the design of a product will support users in performing their
tasks, with prototypes focusing on interaction and the functionality of the product. For example, researchers developing ScreenPlay, an interactive toy for waiting spaces in hospitals,
tested the product with 11 children in order to verify the product reached the goal of creating a positive experience for children without engaging in contact with the product’s surface.
Using the usability testing methods of questionnaires, focus groups, and observations, the
researchers were able to identify aspects of the toy that needed changed for it to be more
enjoyable for the children (Biddiss et al., 2013). It is the goal of this literature review to first
document the best practices for usability testing with children and then compare usability
testing methods across several factors, including the age range of children, location for the
testing, and need for moderator.

1.4 Importance of testing with children
For products designed for children, it is paramount that the usability testing occurs with children, since they are the intended users. In the United States, by law a child is defined as anyone under the age 19 (Dependents 2 | Internal Revenue Service, 2021). In psychology, the
definition of children is further broken down into the cognitive-developmental stages determined by Jean Piaget (Markopoulos, Read, et al., 2008). These stages are the sensorimotor
stage (0 months-2 years), the preoperative stage (2-7 years), the stage of concrete operations (7-11 years), the stage of formal operations (11+ years) (Coelho & Fernandes, 2013).
The age group that the product is developed for should be the group that is tested.
While it is essential to involve representative end users in usability testing, this has not been
the established practice for products designed for children (Markopoulos et al., 2008).
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Historically, the typical evaluation method for children’s products was to ask experts on children, experts on usability testing, or to ask the children’s parents or teachers their opinions
on the product (Markopoulos et al., 2008 & Druin, 2002). All three of these categories of
people do not include children, who are the intended user.
Children and adults have significant differences, ranging from physical features, cognitive development, and amount of personal and life experiences. Children also differ in their culture,
norms, complexities, likes, dislikes, curiosities, and needs. Designers may assume they know
what children like or dislike because of having been a child before or interacting with children. While this may provide some background knowledge, it can create biases and blind
spots when designing products. The circumstances and environment surrounding designers’
childhoods are very different from present-day children’s experiences (Druin, 2002). Snitker
(2021) coined the term kids’ experience, or “KX”, and explains the difference between children and adult researchers as the autonomy of person and the ability to adapt to circumstances. Adults can be their own person and have control over their choices; they are also
able to adapt their behavior to different positions, whether it be researcher or respondent.
Snitker (2021) explains that when doing design research with children, the researcher must
build a bridge between the adult and child’s world. Children will provide honest feedback,
but it is up to the adult researchers to document and interpret that feedback.

1.5 Guidelines and biases in testing
Guidelines for evaluative research are established to minimize biases and ensure consistency
across testing populations. Bias can cause research studies to be prejudiced and, specifically
in usability studies, can create an inaccurate representation of future product use. Cognitive
bias, the tendency to subconsciously change one’s choices based on someone or something
else’s comments or behavior, decreases the validity of a study’s outcome (Natesan et al.,
2016). The human brain reacts to stimuli around it very quickly in a series of shortlists, called
cognitive biases. These are rules that the brain has set up to be able to create an answer
quickly, like a “jerk-reaction” or a reflex (Snitker, 2021). Cognitive biases cannot be eliminated in a study, but they can be minimized. To do this, a researcher must be aware of what
biases can occur and ways to correct them (Natesan et al., 2016.). This leads to the use of
guidelines, or best practices. Guidelines are a series of procedures that have been demonstrated either by research or experience to show reliable results.
There are more than 180 cognitive biases that have been documented (Manoogian, 2016).
Understanding these biases has been helpful in many fields, such as business (Schwenk,
1986), marketing (Kienzler, 2018), and even fire safety (Kinsey et al., 2019). Cognitive biases
occur for product testers, regardless of age. The same biases can occur in children as well as
adults, but they can also be very specific to children. These biases can occur either between
the researcher and the child or between the child and the product. For example, the researcher can bias the child by asking questions in a positive light, such as, “Was the product
enjoyable?”. An example of an instance where children have a bias toward a product is a
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case in which the prototype breaks and the child then holds a negative attitude toward the
idea of the product because of the negative experience of it breaking. Cognitive bias directly
relating to children during a usability study can be found during the set-up of the study, the
introductions given by the moderator, the duration of the test, and after the test is over.
An example of a bias during the set-up is in planning the location. If the location is comfortable to children, such as if the furniture fits the child, then they will be more likely to communicate their thoughts and feelings because they will feel less isolated than in a space specific to adults (Snitker, 2021). Since the location directly affects the choices the child will
make, the goal of the researcher is to choose a location that enables feedback from the child
while allowing the child to stay focused on the product. Priming is another cognitive bias in
which the person experiencing the bias will be expecting what they are primed to expect
(Natesan et al., 2016). For example, if a researcher is overly exuberant about the product,
the child will already be expecting something “great”. While the end goal of a product designer is to have a product the child will enjoy, the goal for usability testing is to find the usability problems. It should be expected that there will be some negative feedback when testing products, and for the product designer to then take that feedback and improve the product. Additionally, children may change their behavior depending on the behavior of the evaluator during testing. If a moderator is taking notes, the child may interpret that action as the
child herself being tested, this may, in turn, make the child feel pressure and be more nervous to do or say things (Ellis et al., 2008). A bias after testing that could occur is asking questions that are not clear or concise. For instance, if a researcher asks children a question in
which they include a metaphor that the child does not understand, then the children often
interpret the meaning of metaphors quite literally and lose understanding of the question
altogether, unable to give an answer.
In summary, there are many cognitive biases that can occur during usability testing with children. While it is nearly impossible to remove all biases, there are best practices to consider
when preparing, executing, and concluding a usability test.

1.6 Purpose of review
In product design, it is common practice to consider different targeted user populations in
your research. More recently, there is a growing field of research studying children as the
end user for products, like toys (Markopoulos, 2003). The purpose of this review is to provide an overview of guidelines and best practices for carrying out usability studies with children that are currently found in literature. A chronologically organized assessment of the literature will be presented to display the foundational practices and changes to the guidelines
for usability testing with children over time. Then, evaluative research methods that are typically used during usability testing will be compared based on existing comparison studies
presented in the literature. This synthesis will assist in enabling practitioners of usability
testing, especially those new to the field, to be prepared for children as participants and will
demonstrate where there are needs or gaps in the current literature.
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2. Literature review research methodology
This research paper is a systematized literature review centered on usability testing guidelines and methods, specifically for products for children. As a systematized review, this research attempt to include elements of systematic review process, with synthesis in a narrative and tabular format to help identify what is known through new lenses, recommendations for practice, and some areas for future research. As this is a small, but growing, field of
study, there is limited literature on the topic of usability testing with children. In the
timespan of three months, 105 articles of literature were found through the process of
searching and screening titles using databases of peer-reviewed sources. The databases used
were Google Scholar and the University of Minnesota Library citations database. Keywords
used to find literature were ‘children,’ ‘usability testing,’ ‘evaluative testing,’ ‘product testing,’ ‘play-testing,’ and ‘toy testing.’ Further literature was found by reviewing accomplished
authors on the topic and identifying their co-authors and collaborators, and then further analyzing the works of those researchers. After screening the abstracts, literature was included
if it referred to the process of usability testing with children or guidelines of conducting
product research with children. Literature about the general topics of usability testing and of
children were included to provide a basic framework leading to the specific topic of evaluative testing with children. The total number of papers included was seventy, provided in the
references section. The lead graduate researcher primarily conducted the literature review
with support from a faculty researcher.
In analyzing the literature, the identified papers were read, and pertinent information was
extracted from each paper. The data gathered was then reorganized and synthesized to illuminate opportunities for exploration. These opportunities led us to comparing guidelines
and methods for usability testing for children written by researchers in the field. In the organization of the paper, the general guidelines for using any usability testing method for
children is presented along with an overview of why it was necessary to include such guidelines. The holistic guidelines created are a structured comparison of four guidelines that are
intended for practitioners of usability testing with children. They are organized by the stage
of the study: set-up, introduction, during the testing, and after the testing. The synthesis
also includes a review and comparison of the types of usability methods used, and then the
age of children involved, moderator involvement during the testing, and location where the
testing occurs. Additionally, the research approach to each paper was identified, whether
based on personal experience, literature review, research studies, or a combination. Lastly,
the types of products were identified: whether digital, analog, or a combination of digital
and analog. It is the goal of this paper to condense all this valuable information into one
place, both to help practitioners and to help researchers identify the gaps in the field.
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3. Guidelines for usability testing with children
3.1 Chosen sources and evolution of guidelines
As discussed in Section 1.5, there are many cognitive biases that can occur during usability
testing with children. While it is nearly impossible to remove all biases, there are best practices to consider when preparing, executing, and concluding a usability test. We identified
four of the most prominent literature sources for guidelines for usability testing; these
sources are shown in Table 1 along with what research was conducted to developed these
guidelines (personal experiences, literature review research studies). This classification was
determined by the source’s self-proclamation or by thoroughly reviewing the literature.
Then, in Table 2, these four sources were evaluated and simplified into basic guidelines for
working with children during usability testing. The goal of these guidelines is to be a quick
reference for practitioners, regardless of the evaluative research method or location, as well
as a way to see the evolution of guidelines from 1999 through 2021. The table begins with
Guidelines for Usability Testing with Children by Hanna et al. (1999), because these are the
guidelines in which many modern sources in the study of usability testing with children reference as the first comprehensive guidelines on the subject (Barendregt & Bekker, 2003).
Then, in chronological order, the works of Barendregt and Bekker (2003), Markopoulos et al.
(2008), and Snitker (2021) are each documented into a simplified, yet comprehensive set of
best practices that have evolved over time. Each source builds on the source before it, showing how through time, more is known in the field and there is a need for additional rules or
suggestions to create a better practice of usability testing with children.
Table 2 is divided into four sections of the evaluation process: set-up, introduction, during
the testing, and after the testing. In these subsections, the guidelines were evaluated to determine if they would have a direct relation to the child and the biases that could occur with
relation to the child during the testing. For example, in Snitker’s guidelines (2021), he provided information to guide the stakeholders to have a comprehensive understanding of the
project before investing time, money, and resources into the testing. This is an important
practice, but it does not directly affect the children involved with the project. Because this
paper is focused on working with children, the guidelines were analyzed through that lens.
Table 1. Comparison of basis of guidelines* for usability testing with children
Personal Experience

Hanna et al. (1999)

Literature Review

Research Studies

#
"
✔

Barendregt & Bekker (2003)

#
"
✔

Markopoulos et al. (2008)

#
"
✔

Snitker (2021)

#
"
✔

#
"
✔

#
"
✔

#
"
✔

* The basis of guidelines is how the authors gathered their information to form their guidelines. Personal experience refers
to their own experience of usability testing of products. Literature review refers to documenting what others have confirmed in previous literature on the topic of usability testing with children. Research studies involve experiments or comparison studies the authors have completed.
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Table 2. Evolution of Usability Testing Guidelines based on the Phase of Research
Author, Title,
Publication Year

Hanna et al.
Guidelines for Usability Testing with Children.
1999

Barendregt & Bekker
Guidelines for User Testing with
Children
2003

Markopoulos et al.
Evaluating Children’s Interactive
Products: Principles and Practices
for Interaction Designers
2008

Snitker
User Research with Kids: How
to Effectively Conduct Research with Participants Aged
3-16
2021

The setting should be comfortable
but not distracting.

Five or more children should be
tested.

Be aware of the location you will be testing
in, visit beforehand.

Use skill level to describe the respondents.

Secondary technology should be familiar to children.

Include children that will experience
many problems and be willing to verbalize.

Be prepared for any disruptions or unplanned changes.

When developing the test-script,
keep the participant at the forefront.

Phase of
Research
Set-up and Planning

Observation equipment (video cameras or recorders) are unobtrusive.
Only schedule the children for an
hour each, giving breaks when the
children start to run out of energy.
Give yourself breaks between children in order to refresh.
Switch the order of tasks for different children.
Screen the children beforehand to
make sure they have enough

Use pictures to explain what information you are seeking from the children.
Keep pictures around for children to
refer to during the test.

Have everything you need before testing
takes place.
Inform adults in the vicinity of the test when
there will be children nearby.
If the study takes place over several days, be
sure to keep the time of the testing constant.
Be aware that children will be more tired after lunch or dinner and be more alert in the
mornings.

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International Licence.

Plan the testing for an accurate time
when the product would be in actual use if manufactured and in the
child’s known settings.
Make sure children are familiar with
their surroundings by inviting them
a day earlier to get a tour or going
to a location the child already
knows.
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understanding to be able to use the
product.

Children have more energy on bad weather
days when they are unable to play outside.
Be prepared to deal with the findings of the
study in the light of this.

It is not a good idea to use your own
or colleagues’ children for testing.

All children in the study should be given a
chance to take part in order for the evaluation to be fair.
Plan to have at least two adults present.
Have a backup of any technologies or products needed.
Make sure that the designed tasks do not
demand a higher skill level than the children
have.
Plan the testing space so the children will be
comfortable to sit quietly for an extended
period of time.
The pilot test should include 2-3 children
that are the same age as those being tested.
Plan to test the youngest end of the targeted age group.
If a number of participants is needed, know
that there may be no-shows and design that
into the procedure.

Introductions

Use small talk with children to establish a baseline relationship.

Introductions should be natural and
relaxed for the children to feel relaxed.

Give instructions as statements rather than
questions.
Speak to each child individually.
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Do not put emphasis on any aspect
of the child, it is important that the
child follows their natural interests.
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In order to explain confidentiality
agreements in terms the children
will understand, tell the children the
designs are “top secret.” Parents
must sign the agreement.

Instructions should be clear and unambiguous and consistent for all children.

Instructions need to provide a rich
understanding but not overwhelm.

Have a script prepared. Emphasize
that the children are not being
tested, the product is being tested.
For motivation, emphasize the importance of the role.
Introduce prototype so that children know what to expect.
Explain the setup in detail. Explain
the roles of moderators, one-way
mirrors, any devices the children
can see.

During
Testing

Give children a simple task or toy
not related to the product in order
for them to relax and get into the
testing headspace.
Make sure children understand the
tasks, restate if necessary.
Redirect children’s questions with
questions of your own.
To direct toward a new task, do not
ask if the child wants to, but instead, say “Now I need you to…” or
“Let’s do this…”

Respond to children’s remarks in a
concise manner.

Never blame the children if something goes
wrong.

Have a list of appropriate ways to respond to children at hand during testing.

Give parents a questionnaire on their observations if they are also in the observation
room.

Be willing to improvise when working
with children.

Keep a timer handy in order to stay on
schedule.

Before helping the children, encourage
them to try a bit longer.

Children should not be expected to stay on
one task longer than 20 minutes.

Free play should be allowed before
task play.

If there is a waiting period before a child is
tested, the waiting room should be

If there are multiple products, give
the child enough time with each in
order for them to be able to recall
the product later if interviewing.
Break the session into 15-minute intervals.
The moderator should be neutral in
dress tone, and body language.
The moderator should match the
child’s energy levels.
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If children become distracted from
the product, gently remind them to
pay attention.
If a child is uninterested in the product, draw them in by pretending you
need help doing it.

Be aware that children will have unexpected needs or wants that will
shorten the useful parts of your session.

comfortable and there should be an activity
provided.

The moderator should not give
opinions.

Waiting times should be minimized if possible.

If the moderator feels the child is
giving answers in order to please
the moderator, the moderator can
challenge them in a friendly way.

Warn the children when their time is
almost up.

Continually check participants’
mood state, noting in the moderator’s note for assessing later.

Make sure to provide breaks when
necessary.
If reading words or numbers is necessary for the product’s use and the
child is struggling with that part, you
can read for them. Be sure not to
provide answers for them.
Keep motivation going by offering
generic positive feedback.
An adult should be in the room with
the child. It is better to have a moderator, that is trained not to interfere, than a parent.
Parents are allowed to be present,
as long as they are informed on how
not to interfere.
Siblings should be kept out of the
testing room.
After Testing
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Read a child’s body language about
the product

Follow-up questions should be short
and only a few of them.

Children should be thanked in person.

Keep questions neutral, simple,
clear, and concrete.
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Older children are able to give reliable ratings on the product.

When possible, information contributed by
participants should be shared with them.

Avoid using metaphors in case of
misinterpretation.

Emphasize how helpful the children
were to finding what needs fixed on
the product.

Translate children’s writing but be sure to
keep the original date.

Ask for clarification if the response
does not seem clear or correct.

If able to, reward the children with
a token of your appreciation.

Cross check a respondent’s answers with
their actions.
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3.2 Factors to consider when testing
Even though the guidelines in Table 2 are organized by stage of testing, they can also be divided into different attributes of the test that can be controlled and changed by the researcher or tester. It is important for a researcher to know all the variables that can affect
the testing and to know which ones they can manage. These attributes can be categorized
into the who, what, when, where, and how of the test, as seen in Table 3.
Table 3. Evolution of Guidelines

Snitker (2021)

#
"
✔

#
"
✔

#
"
✔

#
"
✔

#
"
✔

#
"
✔

#
"
✔

#
"
✔

#
"
✔

#
"
✔

#
"
✔

#
"
✔

#
"
✔

#
"
✔

#
"
✔

#
"
✔

#
"
✔

#
"
✔

How

Where

When

#
"
✔

What

#
"
✔

Who

#
"
✔

How

#
"
✔

After Testing
Where

When

#
"
✔

What

#
"
✔

Who

#
"
✔

How

#
"
✔

During Testing
Where

#
"
✔

When

#
"
✔

What

#
"
✔

Who

#
"
✔

Introductions
How

Where

Markopoulos et al.
(2008)

When

Barendregt & Bekker
(2003)

What

Hanna et al. (1999)

Set-Up and Planning
Who

Phase of Research

#
"
✔

#
"
✔

#
"
✔

#
"
✔

#
"
✔

#
"
✔

The ‘who’ encompasses everyone involved in testing: children, responsible adults (parents,
teachers), those in the testing space, and the moderator. The researcher gets the choice of
who is being tested, ideally children that are in the intended age group of the product. The
researcher can control how many children are in the testing space at one time. They may
want to change this in order to facilitate more feedback (Khanum & Trivedi, 2013) or to test
the product in group functions (Coelho & Fernandes, 2013). Parents may not feel comfortable having their children be by themselves with the moderator. If this is the case, parents
should be allowed in the testing space if they are trained on how to remain neutral in the
testing space (Hanna et al. 1999). The way the moderator acts, or even how they dress can
have a big influence on the results of the test. When a researcher wears informal clothes,
they will be more likely to develop a relaxed relationship with the participants than when
wearing formal clothes in which the child could attribute to authority figures and become
more reserved (Druin et al., 1998). The moderator can be a hired usability specialist, the designer, a researcher, or even children’s teachers. It is necessary that whoever is the moderator is trained and heeds the advice as well as possible (Pardo et al., 2006).
The ‘what’ in testing refers to the products and tasks being tested. An instance in which a
factor relating to the product in testing can be changed is the order in which products are
tested. Serial-position effect is the tendency of a person to remember the first and last stimulus clearer than those in-between. To correct for this effect, the researcher can change the
sequence of the products for each participant (Snitker, 2021).
When a test takes place has a more significant influence than one may realize. According to
Snitker (2021), it is important to mimic the time in which the product would be used. If the
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product is supposed to be used with adult supervision, then that time would be after work
hours or weekends. On the other hand, it may be hard to find enough volunteers willing to
give up their free hours, then it may be necessary to do the test during school hours in collaboration with a teacher (Markopoulos et al. 2008).
Where usability testing occurs is also important to consider, such as in the field or in a lab.
Testing in the field means testing in the actual place, in the physical and social context in
which the user is likely to encounter the product. For children, these places tend to be their
home or school (Markopoulos et al. 2008). A lab is a space set up by practitioners in which a
moderator can observe. Labs vary in complexity, from rooms with one-way mirrors to simple
office spaces that have been temporarily transformed (Lewis, 2006). Testing in the field is a
superior choice to testing in a lab. The field provides researchers with a more accurate representation of true use than a lab and a higher level of comfortability. The choice between
lab and field leads to more choices on the specific surroundings. In a lab, the space should be
inviting but not distracting with furniture arrangements that aid the children in focusing on
the tasks (Hanna et al. 1999). In the field, challenges are to be expected. One challenge is
managing equipment necessary for recording or for display purposes (Warren et al., 2011).
When something goes wrong when testing with children, it can prove fatal to the results of
the test, data could be lost or the design aspect needing to be tested does not get tested.
The researcher should design the study to make sure there are back-ups of all products and
technology and, when relying on technology provided by facilities in the field, someone
should go there before the test to ensure it works (Markopoulos, Read, et al., 2008). Also,
when testing in a formal lab, who and what goes on behind one-way mirrors needs to be explained very clearly in order to be sure the child is aware and all is ethical.
The ‘how’ embodies the actions and approach during testing. This includes the method(s)
chosen for conducting the usability test. The method will indicate what steps need to be
taken and what kind of data will be collected. The guidelines provided in this paper do not
include the specific best practices for each individual testing method. The evaluative research methods will be further discussed in Section 4.1 Types of Methods. Examples of
‘hows’ that would be referenced in the guideline are how the moderator introduces themselves, how the children are being asked to do tasks, or how the moderator responds to the
children. One example of explaining confidentiality agreements to children is to say the test
is “top secret,” in that the moderator is asking the child to not share the product information
with other people after testing. The children will recognize this comparison and find it fun to
act in the role of a “secret agent” (Hanna et al., 1997). This suggestion may be more beneficial after testing to not excite the children and add unwanted positive bias during testing.

4. Comparison of evaluative research methods
Evaluative research methods are specific activities and techniques used to measure and
evaluate a product, and as related to Section 3.2 it is part of the ‘how’ of Table 3. Usability
testing is a subset of evaluative research, in that usability testing refers to evaluating a
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product or service by testing it with representative users. All products should go through
some process of usability testing before being manufactured. The goal of this test is to determine if the product is, “[capable of being] used by humans easily and effectively” (Hornbæk, 2006). There are many methods for usability testing, and 13 of the most prevalent
methods found in the literature for testing with children are included in Table 4. These
methods can generally be divided into these categories: observation, verbalization, survey,
or longitudinal (Markopoulos et al. 2008). In Table 4, data from the literature was compiled
in order to compare the individual methods on which ages these tests have been completed,
if the moderator needs to be present in the testing room, and the location of the testing,
specifically whether it takes place in the field or lab. These factors were chosen because they
display the robustness of the method and the similarity to actual use of the product.
Table 4. Comparison of Evaluative Research Methods: Age Groups, Location, Moderator Interaction
Ages 24*
(Preconceptual
Thought)

Ages 4-7*
(Intuitive
Thought)

Ages 7-11*
(Concrete Operations)

Ages 11-14*
(Formal Operations)

Passive
Observation

✔
#
"
(Biddiss et al.,
2013)
(Bekker, 2003)
(Donker &
Reitsma, 2004)

✔
#
"
(Sim et al., 2006) (Biddiss et
al., 2013)

✔
#
"
(Biddiss et al., 2013)

Concurrent
ThinkAloud

✔
#
"
(Barendregt et
al., 2006) (Bekker, 2003)
(Donker &
Reitsma, 2004)
(Barendregt et
al., 2007)

✔
#
"
(Baauw & Markopoulos,
2004) (Donker & Markopoulos, 2002) (Khanum &
Trivedi, n.d.)

✔
#
"
(Donker & Markopoulos, 2002) (Als et al.,
2005a) (Khanum &
Trivedi, n.d.) (Warren
et al., 2011)

Retrospective
ThinkAloud

✔
#
"
(Bekker, 2003)

✔
#
"
(Al-Wabil et al., 2010)

✔
#
"
(Al-Wabil et al., 2010)

Active
Intervention

✔
#
"
(Edwards & Benedyk, 2007)

✔
#
"
(Edwards & Benedyk, 2007)
(Ognjanovic & Ralls, 2013)
(Pardo et al., 2006)

Robotic
Intervention

✔
#
"
(Markopoulos,
Verschoor, et al.,
2008)

Moderator
Interacts
While Testing**

Field
**

Lab*
*

Method
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(Bekker, 2003)

✔
#
"
(Markopoulos, Verschoor,
et al., 2008)

#
"
✔

#
"
✔

#
"
✔

#
"
✔

#
"
✔

#
"
✔

#
"
✔
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PostTask interview

✔
#
"
(Vermeeren et
al., 2007)

✔
#
"
(Baauw & Markopoulos,
2004) (Vermeeren et al.,
2007)

✔
#
"
(Donker & Markopoulos, 2002)

Codiscovery

✔
#
"
(Bekker, 2003)

✔
#
"
(Khanum & Trivedi, n.d.)

✔
#
"
(Als et al., 2005a)
(Khanum & Trivedi,
n.d.) (Als et al., 2005b)

Peer-Tutoring

✔
#
"
(Marco et al.,
2012) (Edwards
& Benedyk,
2007) (Bekker,
2003)

✔
#
"
(Edwards & Benedyk, 2007)
(Ognjanovic & Ralls, 2013)
(Kantosalo & Riihiaho,
2019)

Focus
Groups

✔
#
"
(Biddiss et al.,
2013)

✔
#
"
(Rounding et al., 2013) (Biddiss et al., 2013)

✔
#
"
(Rounding et al., 2013)
(Biddiss et al., 2013)

✔
#
"
(Barendregt et
al., 2006) (Baran,
2009) (J. C. Read
& MacFarlane,
2006)

✔
#
"
(Sim & Horton,
2012)(Donker & Markopoulos, 2002) (Putnam et al.,
2020) (Sim et al., 2006)
(Kantosalo & Riihiaho,
2019) (J. C. Read & MacFarlane, 2006)

✔
#
"
(Donker & Markopoulos, 2002)

✔
#
"
(Bernhaupt et
al., 2007)

✔
#
"
(Donker & Markopoulos,
2002) (Bernhaupt et al.,
2007) (Kantosalo & Riihiaho, 2019)

✔
#
"
(Warren et al., 2011)

✔
#
"
(Colombo & Landoni, 2014)

✔
#
"
(Colombo & Landoni,
2014)

Questionnaires

Interview

✔
#
"
(Markopoulos, Read, et
al., 2008)

Diaries

Wizardof-Oz

✔
#
"
(Marco et al.,
2012)

✔
#
"
(Höysniemi et al., 2004)

#
"
✔

#
"
✔

#
"
✔

#
"
✔

#
"
✔

#
"
✔

#
"
✔

#
"
✔

#
"
✔

#
"
✔

#
"
✔

#
"
✔

#
"
✔

#
"
✔

#
"
✔

#
"
✔

#
"
✔

*Ages based on Jean Piaget’s stages of development, broken into substages.
**Data gathered for the last three columns (Moderator Interacts while Testing, Field, and Lab) was solely from Markopoulos, Read, et al. 2008 while the previous columns had multiple sources.

Observational methods include participant, passive, and naturalistic observation. Aspects of
observational methods are observing and recording the participants’ behaviors during the
test as well as analyzing the video recording of the session post-test. Participant observation
is when the moderator chooses to engage with the participant. Passive participation is the
opposite, moderators do not interact or interact minimally with the participants. Naturalistic
observation is observation in the field (Markopoulos, Read, et al., 2008). Adaptations can be
made to this process. For example, along with gathering data through a video recording,
Masood & Thigambaram (2015) tracked eye movements to observe how the children interact with the interface.
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Verbalization methods involve keeping a record of things participants say, either spontaneous or encouraged (Markopoulos et al. 2008). When testing with children the verbalization
methods that are used are concurrent think-aloud, retrospective think-aloud, active intervention, robotic intervention, post-task interview, codiscovery, and peer tutoring. When using think-aloud, the moderator asks the participants to say their thought-process aloud
(Donker & Markopoulos, 2002). Concurrent means during the test while retrospective is afterwards, usually with the aid of video or record of some sort. In active and robotic intervention, the moderator interacts with the tester, asking questions, giving directions, and asking
for clarity on opinions, either in person or through a robotic interface (the robot is often just
a toy with a speaker in which the moderator can talk to the children from a separate room)
(Markopoulos, Read, et al., 2008). Post-task interview is asking questions after each task.
They are very practical because they allow immediate observation and verbalization data to
be collected (Baauw & Markopoulos, 2004). Co-discovery and peer tutoring involve collaboration between the participants. In co-discovery, multiple testers are evaluating the product
at one time (Downey, 2007). For peer-tutoring, one or more participants teach another participant on how to use the product. Peer tutoring is the only testing method created specifically for children. (Markopoulos & Bekker, 2003). The benefit of peer-tutoring is having a
role for children to play encourages easy and lively communication because there is not a
knowledge or language gap between children as much as there is between a child and an
adult (Ognjanovic & Ralls, 2013).
Another verbal evaluative testing method that can only be used for interactive technology
products is the Wizard-of-Oz method. This is when a moderator controls all the interactivity
on the child’s computer through their own computer. This method is necessary for the early
stages of development before the technology has been made functional (Markopoulos,
Read, et al., 2008). Gesture and movement patterns to computer games can be found
through this method, helping designers discover what is most reflective of a child’s natural
tendencies (Höysniemi et al., 2004).
Survey methods are the processes of asking questions, either through questionnaires or in
an interview. Questionnaires are usually given to larger groups of people at one time while
interviews are given one at a time (Markopoulos, Read, et al., 2008). Questionnaires are efficient when time is short for feedback; it is possible that interviews can be conducted later to
provide clarification when answers on the questionnaires are unclear. Surveys can be modified for children. The Fun Toolkit includes the Smileyometer, the Fun Sorter, and the Again
Again Table, all designed to be fun and straightforward (Read, 2008). These tools help involve children and reduce satisficing (Read, 2008), participants giving little thought to answers in order to finish them quickly (Vanette & Krosnick, 2014).
Longitudinal methods, such as the diaries method, take place in a location where there is no
evaluator present, usually over many days. Children are asked to document their experiences and opinions in a journal to determine the use of the product in context. Parents can
be involved in this method by taking the role of the evaluator, observing and documenting
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the child’s interaction with the product (Markopoulos, Read, et al., 2008). Longitudinal studies can be used to see whether a product goal holds up through time. In a longitudinal test of
PlayCubes TUI technology, researchers concluded the technology works for evaluating children’s constructional ability, a foundational goal of the product (Jacoby, 2011). Due to project deadlines, it is likely longitudinal methods are used less frequently in industry.

5. Discussion
Three interesting topics emerged from the synthesis of the literature review that will be discussed next. First, the differences between longitudinal vs. cross-sectional studies. Second,
the abundance of digital products compared to analog products in the usability testing with
children literature. Third, the examination of the lack of testing with two- to four-year-old
children. These areas highlight some opportunities for future research.

5.1 Longitudinal vs. cross-sectional studies
There is some discontinuity in the literature on the context of usability testing. Comparison
studies of methods have mostly focused on cross-sectional testing methods, which are multiple participants being tested simultaneously, usually for a short duration (Teti, 2008). Some
examples of cross-sectional testing methods include think-aloud, post-task interviews, and
questionnaires. In the toy industry, designers are on a very tight schedule of getting the
product to market (Johnson, 2001). This could be the reason for the skewed focus on tests
that can be completed within a day. What is missing from cross-sectional testing methods is
repeated exposure with the product (Markopoulos, Read, et al., 2008). A diary method was
used to determine whether enhanced eBooks provided a better learning experience than
during leisure reading (Colombo & Landoni, 2014). This exemplifies how context and exposure can be necessary for testing specific aspects of a product. Researchers at Microsoft conducted longitudinal studies during early stages of prototyping. Children were asked to come
in for repeated visits over a span of two to three weeks, which equals the approximate
amount of time children would use the product over two to three months (Muller & Czerwinski, 1999). This modification helps fit longitudinal studies into the context of actual industry practice. However, the context of actual use was taken out of the study. Longitudinal
methods should be explored to determine whether it can be a valid choice for keeping the
benefits of exposure and context while fitting within the timeframe of production.

5.2 Analog vs. digital
Products for children can be broadly divided into analog products, digital products, or a combination of analog and digital. Hiniker et al. (2018) uses the terms ‘traditional’ and ‘physical’
to describe analog toys: blocks, dolls, craft supplies. Digital refers to any good that can be
“digitized or converted into a binary format” (Hui & Chau, 2002). An example of a digital
product is a computer game or a mobile phone app. Studying children as users emerged
alongside a rising complexity of technology, especially for digital products. Because of this,
there is an increase in usability studies and literature for digital products compared to
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analog products. Digital products contain complex aspects, including the computer and user
interface. Currently, there is a lack of usability testing guidelines for analog products. Even
with the decreased technical complexity, analog products have important physical elements
that still need to be tested, especially when function and safety are a top priority. Less literature on this topic may be because testing analog products seems more straightforward or
more based on ‘common sense’ than digital products. It could also be because human-computer interaction (HCI) is a more modern topic of discussion, garnering more interest. Whatever the reason, in consideration of children as the user, it could be helpful to study the best
methods for testing products from a spectrum of digital to analog. Table 5 categorizes the
literature according to what product type the paper studies, either completely digital, digital
and analog, or completely analog.
Table 5. Categorization of Digitality of the Products being used in the Literature Under Review
Completely Digital

Digital and Analog

Completely Analog

(Benford et al., 2000) (Sim & Horton, 2012) (Baauw & Markopoulos, 2004) (Donker & Markopoulos, 2002) (Edwards &
Benedyk, 2007) (Colombo & Landoni, 2014) (Putnam et al.,
2020) (Sim et al., 2006) (Al-Wabil et al., 2010) (Druin et al., n.d.)
(Als et al., 2005a) (Ognjanovic & Ralls, 2013) (Barendregt et al.,
2003) (J. Read et al., 2009) (Bernhaupt et al., 2007) (Rounding et
al., 2013) (Ellis et al., 2008) (Khanum & Trivedi, n.d.) (Als et al.,
2005b) (Alkhawajah, 2018) (Hanna et al., 1997) (Barendregt &
Bekker, 2003) (Barendregt et al., 2006) (Druin et al., 1997) (Barendregt et al., 2007) (Pardo et al., 2006) (Markopoulos,
Verschoor, et al., 2008) (Baran, 2009) (Biddiss et al., 2013)
(Druin, 2002) (Buckleitner, 1999) (Masood & Thigambaram,
2015) (Warren et al., 2011) (Alsumait & Al-Osaimi, 2009) (Kantosalo & Riihiaho, 2019) (Donker & Reitsma, 2004) (Hadj-karimkharrazi et al., 2005) (J. C. Read & MacFarlane, 2006) (J. C. Read,
2008) (Höysniemi et al., 2004)

(Bekker, 2003) (Luo et
al., 2018) (Vonach et
al., 2016) (Vermeeren
et al., 2007) (de Albuquerque & Kelner,
2020) (Jacoby, 2011)
(Marco et al., 2012)

(Santos et al., 2019)

5.3 Two- to four-year-old children in user testing
As seen in Table 4, there is a large lack of literature on usability testing with two- to fouryear-old children. There are considerable difficulties with this age group, from their language
skills to their easy distractibility. However, this age group should still be considered as important as any other testing group. It is important to see how a child naturally interacts with
a product. For two- to four-year-old children, they do not have the same mental models that
older children or adults hold. Because of this, they are more likely to be creative and use
products in a completely unexpected way. These insights provided by the children will help
the designer know how to better enable the natural use of the product. A designer could disregard a young child’s opinion because the child at that age does not buy the product. However, by only getting adults’ opinions, the designer would be doing their product a disservice. Parents and adults want products that their child will remain interested in. To keep the
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child interested, the product needs to be easy to use, fun, and safe. This reiterates the importance of observing the child using the prototype, so that the researcher/designer will be
able to learn what aspects of the prototype the child really connects with, what aspects they
do not, and what factors need to be reconsidered to make it easier for the children to use.

6. Conclusion
“It is important to remember that children are not really ‘testing’ our prototypes; they are in
fact playing, and they will only do so for fun” (Marco et al., 2012). Children are very different
from adults, and these differences impact the usability testing for products. It is known that
children can become bored, distracted, or act out during testing, but that they are also extremely honest with their feedback (Druin, 2002). When usability testing, honesty is key to
creating a better product. Even though children tend to be honest, bias can still occur.
Guidelines have been created to promote a better testing experience (as shown in Table 2),
ideally with less bias occurring by following these practices. There are many methods of usability testing with children (as shown in Table 3). The researcher must decide which method
will generate the best results based on their own needs of data and time available. In the
field of usability testing with children, more research can be done regarding which method is
most like the context of use of the product and can be conducted in a reasonable timeframe.
Also, exploration involving testing and comparing the best practices for products that are
digital and analog may provide helpful insight to researchers and designers. As adults, it is
important for researchers to be cognizant of the difference between children and adults and
to remember that children are their own people with their own opinions, likes, and dislikes
(Druin et al., 1997). “In much of our field research we saw that children are natural born artists and writers, architects and philosophers. They are sculptors and poets, dancers, and musicians. Children are not waiting to become these in the future; they are all of those things
right now” (Druin et al., 1998). Accepting children for who they are and trusting their instincts to test usability of products in accordance with best practice will give the design team
the opportunity to improve their products and learn the unexpected.
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